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I. INTRODUCTION

The Ballistic Research Laboratory (BRL) has for a number of years partici-
pated in a railroad safety research program sponsored by the Federal Railroad
Administration (FRA). One of the consequences was the development of a propane
torch facility {(PTF) which is now routinely used for testing candidate thermal
insulation systems for tank cars hauling hazardous materials. The testing pro-
cedure consists of placing samples of the thermal systems in the path of the
torch flame in a prescribed manner specified by DOT Docket No. HM-144 and to
determine if the performance standard (also specified) is met.' The work pre-
sented in this report is a continuation of this program.

The objective of this work was to determine the survivability of a nuclear
waste cask exposed to a fire environment. The cask was subjected to the same
conditions as those required for testing thermal insulation systems. The cask
in question was an obsolete model which was modified to include several modern
components which are now required for use in transporting nuclear waste by rail.
The cask was exposed to two categories of fires which can happen in a railroad
accident and these were simulated using the PTF. The two types of fires are a
"torch fire'" and a "pool fire," both described later in the report. The report
presents a description of the nuclear waste cask, test procedures utilized, and
some general observations of the test data.

The test series was a cooperative effort between the BRL, the Sandia
National Laboratories (SNL), and the Terminal Effects Research and Analysis
Group (TERA) of the New Mexico Institute of Mining and Technology.

II. TESTING PROCEDURES

The Hallam Nuclear Power Facility (HNPF) cask was made available for test-

ing by the Department of Energy (DOE).? The HNPF cask was of an older design
and was modified by adding a neutron shield and impact limiters so that it
would meet the transportation requirements specified in U.S. Nuclear Regulatory
Commission 10CFR71, Appendix B. The HNPF cask was modified by Stearns-Roger Mfg.
Co., Denver, Colorado. A photograph of the HNPF Cask in its horizontal test
position (also its position during transport) is presented in Figure 1. The
neutron shield consists of a corrugated steel jacket which can be filled with
water. The impact limiters are made of oak and covered with a 0.318 c¢m (1/8 in)
;bick layer of mild steel. The top end of the cask is toward the left in the
igure.

"Hazardous Matenials Regulations of the Department of Thanspontaticn by Adir,
Rail, Highway, Water and Militany Explosdives by Watern Lncluding SpeclfLcaticns
fon Shipping Containens, Buneau of Explosives, Docket Nc. HM-144, Amdt. Nes.
179-108, PART 179 - Specifications Forn Tank Carns, Para. 179.105-4," TARIFF
No. BOE-6000-B, 1ssued Decemben 22, 1981, Effective Januany 22, 1982, Depatt-
ment of Transpontation, Washington, D.C. 20590

’Manuel G. Vig4il, Amado A. ThujilLo, and H. Richard Yoshimura, "HNPF Spent

Fuel Cask Tonch Impinging on Water Filled Neutron Shield," SAND§2-0704*
TTC-0297, March 1982, Sandia National Laboratornies, AlLbuquetrque, NM 87185
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A schematic of a cross-sectional overhead view of the HXI'I' Cask is pre-
sented in Figure 2. The empty space in the middle of the cask is for storing
the nuclear waste being transported and will be referred to as the 'nuclear
waste storage volume' (NWSV). The NWSV has a cross-sectional radius o¢ 20,96 cm
(8.25 inches). The inside surface of the NWSV consists of a 2.54 c¢m ‘one inch)
thick 304 stainless steel layer which will be referred to as the "inner steel
shell"™ (ISS). Next to the ISS is a 17.78 cm (7 inch) thick “lead shield” 7LS)
which is for absorbing gamma rays emitted by the nuclear waste products. over
the outside of the LS is a 3.91 cm (1.5 inch) thick carbeon steel (ASTM ALl16]
layer which will be referred to as the ''outer steel shell' (0SS). And tinally,
the cask is covered by a steel corrugated shell which can be filled with water.
The water in the corrugated shell is for absorbing neutrons produced bLv the
nuclear waste., This shell will be referred to as the 'neutroun shield fachet” '
{(NSJ). For test purposes, steel vent pipes were attached to two relief valves
installed in the NSJ to direct any release of water and steam from the N8I in
to a holding tank. The steel pipes were supplied by SNL and the holding tunk
(1500 gallon capacity) was provided by TERA.

A total of five tests was conducted in this series. The directions of
the centerline of the torch relative to the test position of the cask ror cach
test are presented in Figure 3. The axial distances of the "torch impinacsoent
centers" (TIC) are measured from a reference surface which is the top surtface
of the cask (cask positioned for loading nuclear waste) with the 1id reroved.
The intersection of this surface with the centerline axis of the cash will he
referred to as the "axial reference point" (XRP). A summary of the crientations
of the various tests is presented in Table 1. In the table it is notcd that
there were four side-on tests and one test where the torch was directed at the
top of the cask (This is also noted in Figure 3.) Three of the tests hud the
NSJ filled with water and two of the tests did not. The distances of TIC from
the XRP for Test Numbers I, 2, 3, and S5 were 289.6 cm (114 inches), 93.3 cm
(36.7 inches), 289.6 cm (114 inches), and 93.3 cm {36.7 inches) respectively.
The concept of distance between the TIC and the XRP must be interpreted differ-
ent for Test Number 4 since the TIC was directed toward the top of the cask.
Figure 4 presents a photograph of the PTF with the HNPF Cask in a side-on
orientation relative to the nozzle of the torch.

The test conditions for the propane torch are summarized in Table 2 and
are as specified as test requirements in HM 144. These requirements were deter-
mined on the hasis of previous experimental and theorctical studies and on
actual railroad accident data. Two categories of fires are simulated hy these
conditions, namely a "torch fire simulation' and a "pool fire simulation,"

Test Numbers 1, 2, 3, and 4 were torch simulation tests and Test Number 5 was
a pool fire simulation test.

The torch fire simulation is a simulation of a situation where a tank
car is positioned in the path of a torch flame formed by burning propane
escaping from another tank car which has overturned. For this situation the
nozzle of the torch is placed 3.66 meters (12 feet) from the surface of the
sample being tested, in this case the HNPF Cask. The velocity of the torch
flame is maintained at 64.4 km/hr (40 mi/hr) to ensurg that the tompsrature
of the flame at the surface of the cask is 1204 ¢ 56 C (2200 + 100 F} and
that the diameter of the torch flame is approximately 0.9144 meters (3 fect).
The duration of a torch simulation is 30 minutes.

-17-
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The pool fire simulation is a simulation of the condition where the tank
car is engulfed in a large fire which is not as intense as the torch fire
situation. In this case the nozzle of the torch is placed 6.10 meters (20 fees)
from the surface of the cask. The temperature of the torch flame is 871 * 56 C
(1600 + 100 F) and the diameter of the torch flame at the cask surface is
approximately 1.524 meters (5 feet). The duration of a pool fire simulation
test is 100 minutes.

The following types of data were recorded on nine track magnetic tape,
Hewlett-Packard Flexible disk, and a terminal printer with samples from each
sensor procured every 30 seconds: (1) temperatures for TCs mounted on the cask,
(2} pressures for those tests where the NSJ contained water, (3) the ambient
temperature, wind speed, and wind direction, and (5) the temperatures of the
water bath and the propane as it passes through the orifice of the torch
nozzle. The information included real time (hr/min/sec) at the beginning of
each sample cycle.

These measurements are for recording essentially three aspects of the
tests. Naturally, the temperatures of the flame at the surface of the cask,
the temperatures of the TCs mounted on the cask, and the pressures measured in
the NSJ are for the purpose of determining the survivability of the cask. The
measurements of the ambient conditions are to record the effects of these
conditions on the quality of the torch flame and to a lesser degree, the effects
on the cask itself. The ambient temperature can be important for some kinds of
tests being performed in cold weather, but was not an important factor in these
tests although the measurements were recorded. The wind speed and direction are
important since the flame can be blown away from the intended TIC and thus
degrade the test. The facility has control devices which allows the operator
to move the nozzle in order to compensate for the effects of the wind, but in
the event the wind speed gets too high, even with this capability, the test
has to be terminated. Finally, the temperature of the propane as it passes
through the orifice of the nozzle must be at a certain level in order for pro-
per combustion to be achieved. This temperature level is maintained by regu-
lating the temperature of a water bath which surrounds a propane storage tank
which directly supplies propane to the torch. Consequently, the temperature of
the water bath and the propane at the orifice are usually monitrred, but the
orifice sensor was not connected in several of the HNPF Cask tests.

ITIT. INSTRUMENTATION

The installation of the instrumentation for measuring physical parameters
and the equipment for recording the data was a joint responsibility of SNL and
BRL. SNL installed the thermocouples (TCs) and provided connections and wire
for attachment of TC lead wires to the BRI reference junction. SNL was also
responsible for checking the integrity of the installed TCs prior to attachment.
BRL was responsible for recording the data measured by these TCs. The instru-
mentation for measuring the temperatures were Conax, Type K (Chromel Alumel)
TCs. The TCs were attached on various surfaces between the main components of
the cask and were designated by alphabetic characters. Each alphabetic char-
acter corresponds to a group of TCs attached to a specific surface. Figure 5
presents an overhead cross-sectional diagram of the cask where the various
surfaces on which the TCs were attached are indicated. There were TCs designat-
ed by the symbol "F'" mounted on the outside surface of the NSJ. The outsiue
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surface of the 0SS had TCs designated with the symbol "B." On the inside of the
ISS were TCs designated with symbols "A'" and “C." Inside the NSJ were installed
TCs designated with the symbol "G" for the purpose of measuring the water
temperature. Also, on the outside surface of the impact limiter at the top end
of the cask were TCs designated with the symbol "D" and directly on top of the
cask lid were TCs designated with the symbol "E.' There were other TCs with

other designator symbols which will be discussed in later sections of the report.

In addition to the TCs, there were two pressure gauges for measuring the
pressure in the NSJ when it contained water. These are designated by the symbol
"H.'" The two pressure gauges were Kulite Model HEM 375-250 psig piezoresistive
transducers. There were additional data recorded such as wind direction and
speed, etc. The sensors for these latter measurements were positioned by the
BRL.

A summary of the sensor locations with respect to various reference values
for the five HNPF Cask thermal experiments are presented in Tables 3 through 7
in order of the Fluke Channel Number. The test which utilized the greatest
number of TCs and which was different from all of the others was Test Number 4.
That was because in Test Number 4, the TIC was directed along the CC from the
top end of the cask and temperature data on several cross-sectional surfaces
were desired. These tables presents all of the TCs and their designators,
including additional ones not discussed thus far. The so-called '""Theoretical
Locations' of the sensors are listed in terms of a radial distance of the sur-
face on which the sensors were placed from the CC, the angular distance of the
sensor from the ARP, and the axial distance from the XRP. In practice, it was
not possible to place some of the sensors exactly in these locations, but any
actual variations were slight. The last two columns of the tables consist of
differences between the TIC locations and the location of each of the sensor:.
For those cases in which the differences are negative, the location of the ' .n-
sors are differences between the TIC and the reference point value; other-
wise, the sensor locations are on the opposite side of the TIC from the reference
vaéues. The angular distance for the TICs for Tests Number 1 and Number 2 was
90~ and the value for Tests Number 3 and Number 5 was 270 . In the case of Test
Number 4, the orientationowas such that while it made sense to consider the
angular distance to be 907, the data must be interpreted differently

The technique used to attach the TCs to the inside surface of the ISS is
illustrated in Figure 6. These spring-loaded TCs were mounted in an instrumen-
tation frame and placed in the NWSV. As the instrumentation frame was inserted
into the cavity, the spring-loaded thermocouples were depressed until their tips
were aligned with the inner surface of the ISS. The insertion of the instrumen-
tation frame and the associated spring-loaded TCs was performed carefully to
avoid damage to the TCs. Once released, the spring-loaded TCs made good con-
tact with the inner ISS surface.

The technique for attaching the TC sensors in the NSJ is illustrated in
Figure 7. This attachment method involved welding stainless steel tubes to the
surface of the 0SS circumferentially. These tubes provided a means for isolating
the spring-loaded sheathed TCs from the water in the NSJ.

The attachment of the sheathed TCs to selected portions of the NSJ's
external surface was accomplished using the gasket design illustrated in Figure
8. In this attachment scheme, a threaded stud was first welded to the cask
surface. Next, the gasket-type TC was bolted to the stud. This allowed easy
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TABLE 3: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 1

o
Angular Position: 90 from ARP; Axial Position: 289.6 cm from XRP
Neutron Shield Jacket Was Filled With Water

Theoretical Locations Difference From
Fluke CRT Torch Center (TIC)
Channel Sensor  Channel Radius Angle Axial Angle Axial
Number Number  Number {cm) (Degrees) (cm) (Degrees) (cm)
1 al 23.2 90.0 93.3 0 -196.3
2 a2 23,2 62.1 93.3 27.9 -196.3
3 A3 23.2 117.9 93.3 ~27.9 -196.3
4 A4 1 23.2 90.0 289.6 0 0
5 AS 2 23.2 62.1 289.6 27.9 0
6 A6 3 23.2 117.9 289.6 -27.9 0
7 Bl 47.3 90.0 93.3 0 -196.3
8 B2 47.3 90.0 63.5 0 -226.1
9 B3 47.3 80.0 123.8 0 -1€5.8
10 B4 4 47.3 90.0 154.3 0 -135.3
11 B(5.1) 47.3 90.0 31.8 0 -257.8
12 B(5.2) 47.3 34.2 31.8 55.8 ~257.8
13 B(5.3) 47.3 145.8 31.8 -55.8 -257.8
14 B6 47.3 62.1 93.3 27.9 -196.3
15 B7 47.3 34.2 93.3 55.8 ~196.3
16 B8 47.3 117.9 93.3 -27.9 ~-196.3
17 B9 47.3 145.8 93.3 -55.8 -196.3
18 B10 5 47.3 90.0 289.6 0 0
19 Bll 6 47.3 90.0 259.1 0 ~30.5
20 B12 7 47.3 90.0 320.0 0 30.4
21 B13 8 47.3 9C.0 350.5 0 60.9
22 B14 9 47.3 90.0 228.6 0 -6.1
23 B15 10 47.3 62.1 289.6 27.9 0
24 Blée 11 47.3 34.2 289.6 55.8 0
25 Bl17 12 47.3 117.9 289.6 -27.9 0
2 B18 13 7.3 145.8 289.6 -55.8 0
27 Cl 23.3 90.0 19.1 0 -270.5
28 c2 23.2 20.0 21.6 70.0 -268.0
29 C3 23.2 117.9 19.1 -27.9 -270.5
30 Fl 73.7 90.0 93.3 0 -196.3
31 F2 70.5 90.0 62.2 0 -227.4
32 F3 73.7 90.0 123.8 0 -165.8
33 F4 14 73.7 90.0 154.3 0 -256.6
34 F5S 15 70.5 90.0 33.0 0 -196.3
35 Fé 73.7 62.1 93.3 27.9 196.3
36 F7 73.7 34.2 93.3 55.8 -196.3
37 F8 73.7 117.9 93.3 ~27.9 -196.3
38 F9 73.7 145.8 93.3 ~55.8 ~196.3
39 Flo 16 73.7 90.0 289.6 0 0
40 Fl1 17 73.7 90.0 259.1 0 -30.5
41 Fl2 18 73.7 90.0 320.0 0 30.4
42 F13 19 73.7 90.0 350.5 0 60.9
43 Fl4 20 73.7 90.0 228.6 0 -61.0
- 264




TABLE 3: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 1

(Continued)

Angular Position: 90o from ARP; Axial Position 289.6 cm from XRP
Neutron Shield Jacket Was Filled With Water

Theoretical Locations

Difference From

Fluke CRT Torch Center (TIC)
Channel Sensor* Channel Radius Angle axial Angle Axial
Number Number  Number (cm) {Degrees) (cm) (Degrees) (em)

44 F15 21 73.7 62.1 289.6 27.9 0

45 Fl6 22 73.7 34.2 289.6 55.8 0

46 Fl17 23 73.7 117.9 289.6 -27.9 0

47 F1l8 24 73.7 145.8 289.6 -55.8 0

48 F27 25 73.7 325.8 289.6 -235.8 0

49 Gl 26 58.1 90.0 93.3 0 -196.3
50 G2 27 58.1 90.0 289.6 0 0

51 G3 28 58.1 270.0 289.6 -180.0 0

52 G4 29 58.1 270.0 522.6 ~180.0 233.0
53 H1l 70.5 270.0 55.2 ~-180.0 -234.4
54 H2 30 61.0 270.0 522.6 -180.0 233.0
55 Water Bath Temperature "

56 Torch Flame Temperature (FACL)

57 Wind Speed

58 Wind Direction

59 Ambient Air Temperature

* Onifdice senson was not connected duning this test.
** FACL 48 Located in the §lame near the surface of the cask and cn the ‘inch

centernfine.
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TABLE 4: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 2

o}
Angular Position: 90 from ARP; Axial Position: 93.3 cm from XRP
Neutron Shield Jacket Was Filled Water

Theoretical Locations Difference From
Fluke CRT . Torch Center (TIC)
Channel Sensor Channel Radius Angle Axial Angle Axial
Number Number  Number {cm) {Degrees) (cm) (Degrees) (cm)
1 Al 23.2 90.0 93.3 0 0
2 A2 23.2 62.1 93.3 27.9 0
3 A3 23.2 117.9 93.3 -27.9 0
4 A4 1 23.2 90.0 289.6 0 196.3
5 AS 2 23.2 62.1 289.6 27.9 19€.3
6 A6 3 23.2 117.9 289.6 -27.9 196.3
7 Bl 47.3 90.0 93.3 0 0
8 B2 47.3 90.0 63.5 0 -29.8
9 B3 47.3 90.0 123.8 0 30.5
10 B4 4 47.3 90.0 154.3 0 61.0
11 B(5.1) 47.3 90.0 31.8 ¢} -61.5
12 B(5.2) 47.3 34.2 31.8 55.8 ~61.5
13 B(5.3) 47.3 145.8 31.8 -55.8 ~-61.5
14 B6 47.3 62.1 93.3 27.9 0
15 B7 47.3 34.2 93.3 55.8 0
16 B8 47.3 117.9 93.3 -27.9 0
17 B9 47.3 145.8 93.3 -55.8 0
18 B10O S 47.3 90.0 289.6 ¢] 196.3
19 Bl1 6 47.3 90.0 259.1 0 165.8
20 Bl1l2 7 47.3 90.0 320.0 0 226.7
21 B13 8 47.3 90.0 350.5 0 257.2
22 Bl4 9 47.3 90.0 228.6 0 135.3
23 B15 10 47.3 62.1 289.6 27.9 196.3
24 Bl6 11 47.3 34.2 289.6 55.8 196.3
25 B17 12 47.3 117.9 289.6 -27.9 196.3
26 B18 13 47.3 145.8 289.6 -55.8 196.3
27 Cl 23.2 90.0 19.1 0 ~74.2
28 c2 23.2 20.0 21.6 70.0 -71.7
29 C3 23.2 117.9 19.1 -27.9 ~74.2
30 Fl 73.7 90.0 93.3 0 0
31 F2 70.5 30.0 62.2 0 -31.1
32 F3 73.7 90.0 123.8 o] 30.5
33 F4 14 73.7 90.0 154.3 0 61.0
34 F5 15 70.5 90.0 33.0 0 -60.3
35 F6 73.7 62.1 93.3 27.9 0
36 F7 73.7 34.2 93.3 55.8 0
37 F8 73.7 117.9 93.3 -27.9 0
38 F9 73.7 145.8 93.3 -55.8 0
39 F1l0 16 73.7 90.0 289.6 0 196.3
40 F11 17 73.7 90.0 259.1 0 165.8
41 Fl2 18 73.7 90.0 320.0 0 226.7
42 F13 19 73.7 90.0 350.5 0 257.2
43 F14 20 73.7 90.0 228.6 0 135.3
28-




TABLE 4: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 2
(Continued)

Angular Position: 90o from ARP; Axial Position: 93.3 cm from XRP
Neutron Shield Jacket Was Filled With Water

Theoretical Locations Difference From
Fluke CRT Torch Center (TIC)
Channel Sensor* Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) (Degrees) (cm)
|
44 F15 21 73.7 62.1 289.6 27.9 196.3 |
45 F1l6 22 73.7 34,2 289.6 55.8 196.3
46 F1l7 23 73.7 117.9 289.6 -27.9 196.3 !
47 Fl8 24 73.7 145.8 289.6 -55.8 196.3
48 F27 25 73.7 325.8 289.6 -235.8 196.3
49 Gl 26 58.1 90.0 93.3 0 0
50 G2 27 58.1 S0.0 289.6 0 196.3
51 G3 28 58.1 270.0 289.6 -180.0 196.3
52 G4 29 58.1 270.0 522.6 -180.0 429.3
53 H1 70.5 270.0 55.2 -180.0 ~38.1
54 H2 30 61.0 270.0 522.6 -180.0 429.3
55 Water Bath Temperature
56 Torch Flame Temperature (FACL)**
57 Wwind Speed
58 Wind Direction
59 Ambient Air Temperature

* Ondf4ce sensor was not connected during this test.

** FACL 48 Located in the §Lame nean the surface of the cask and on the
tonch centenline.
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TABLE 5: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 3

o) .
Angular Position: 270 from ARP; Axial Position: 289.6 cm from XRP
Neutron Shield Jacket Was Void of Water

Theoretical Locations Difference From
Fluke CRT Torch Centexr (TIC)
Channel Sensor Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) (Degrees) {cm)
1 A7 1 23.2 270.0 289.6 -180.0 0
2 A8 2 23.2 242.1 289.6 -152.1 0
3 A9 3 23.2 297.9 289.6 -207.9 0
4 B10O 47.3 90.0 289.6 0 0
5 Bll 47.3 90.0 259.1 0 ~30.5
6 B12 47.3 30.C 320.0 0 30.4
7 B13 47.3 90.0 350.5 0 60.9
8 B14 47.3 90.0 228.6 0 ~6l1.0
9 B1S 4 47.3 62.1 289.6 27.9 0
10 Blé 5 47.3 34.2 289.6 55.8 0
11 B17 6 47.3 117.9 289.6 -27.9 0
12 B18 7 47.3 145.8 289.0 -55.8 0
13 B19 8 47.3 270.0 289.6 -180.0 0
14 B20 9 47.3 270.0 259.1 -180.0 ~30.5
15 B21 10 47.3 270.0 320.0 -~180.0 30.4
16 B22 11 47.3 270.0 350.5 -180.0 60.9
17 B23 12 47.3 270.0 228.6 ~180.0 -61.0
18 B24 13 47.3 242.1 289.6 -152.1 0
19 B25 14 47.3 214.2 289.6 -124.2 0
20 B26 15 47.3 297.9 289.6 -207.9 C
21 B27 16 47.3 325.8 289.6 -235.8 0
22 Cc2 23.2 20.0 21.6 70.0 -268.0
23 F10 73.7 90.0 289.6 0 0
24 Fl1 73.7 390.0 259.1 0 -30.5
25 F1l2 17 73.7 90.0 320.0 0 30.4
26 F13 18 73.7 90.0 350.5 0 60.9
27 Fl4 19 73.7 90.0 228.6 0 -61.0
28 F15 20 73.7 62.1 289.6 27.9 0
29 Flé 21 73.7 34.2 289.6 55.8 0
30 F17 22 73.7 117.9 289.6 -27.9 0
31 Fl8 23 73.7 145.8 289.6 -55.8 0
32 Fl19 24 73.7 270.0 289.6 -180.0 0
33 F20 25 73.7 270.0 259.1 -180.0 -30.5
34 F21 26 73.7 270.0 320.0 ~-180.0 30.4
35 F22 27 73.7 270.0 350.5 ~-180.0 60.9
i 36 F23 73.7 270.0 228.6 -180.0 -61.0
37 F24 73.7 242.1 289.6 -152.1 0
38 F25 73.7 214.2 289.6 -124.2 0
39 F26 73.7 297.9 289.6 -207.9 0
40 F27 73.7 325.8 289.6 -235.8 0
41 Gl 58.1 90.0 93.3 0 -196.3
! 42 G2 28 58.1 90.0 289.6 0 0
43 G3 29 58.1 270.0 289.6 -180.0 0
-30-
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TABLE 5: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 3
(Continued)

. o , P
Angular Position: 270  from ARP; Axial Position: 289.6 cm from XRP
Neutron Shield Jacket Was Void of Water

Theoretical Locations Difference From
4 Fluke CRT _ Torch Center (TIC)

Channel Sensor Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) (Degrees) (cm)

44 G4 30 58.1 270.0 522.6 -180.0 233.0

45 FF23H 78.8 270.0 228.6 -180.0 -61.0

46 Orifice Temperature

47 Fl 73.7 30.0 93.3 0 ~-196.3

48 F3 73.7 90.0 123.8 0 -165.8

49 F4 73.7 90.0 154.3 0 -135.3

50 FF24T 78.8 242.1 289.6 -152.1 0

51 FF26B 78.8 297.9 289.6 -207.9 0

52 Not Used

53 Not Used

54 Not Used

55 Water Bath Temperature

56 Torch Flame Temperature (FACL)*

57 Wind Speed

58 Wind Direction

59 Ambient Air Temperature

* FACL 48 Located 4n the glame nean the surface of the cask and on the

tonch centerline.
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TABLE 6: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 4

‘e . - * . ‘s
Angular Position: Center Line on Limiter: Axial Position: -60 cm from XPR

Neutron Shield Jacket Was Void of Water

Theoretical Locations

Difference From

Fluke CRT Torch Center (TIC)
Channel Sensor Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) {Degrees) (cm)

1 B(5.1) 1 47.3 90.0 31.8 hw 91.8

2 B(5.2) 2 47,3 34.2 31.8 e 91.8

3 B(5.3) 3 47.3 145.8 31.8 *ee 91.8

4 cl 4 23.2 90.0 19.1 bk 79.1

5 C2 5 23.2 20.0 21.6 bk 81.6
6 C3 6 23.2 117.9 19.1 e 79.1

7 Dl 7 0 0 -60.0 *ee 0

8 D2 8 30.6 0 -60.0 *r 0

9 D3 9 61.0 0 -60.0 i 0
10 D4 10 30.5 90.0 -60.0 b 0
11 D5 11 61.0 90.0 -60.0 bk 0
12 D6 12 30.5 180.0 -60.0 bl 0
13 D7 13 61.0 180.0 -60.0 bk 0
14 D8 14 30.5 276.0 -60.0 b 0
15 D9 15 61.0 270.0 -60.0 hake 0
16 El 16 o 0 -19.0 *he 41.0
17 E2 17 56.2 180.0 -19.0 ke 41.0
18 F5 18 70.5 90.0 33.0 *rR 93.0
19 Gl 19 58,1 90.0 93.3 A 153.3
20 G2 20 58,1 90.0 289.6 *uw 349 .6
21 G3 21 58.1 270.0 289.6 bk 349.6
22 G4 22 58,1 270.0 522.6 e 582.6
23 FD1 (FACL)** 0 0 -65.1 wy 5.1
24 FD15 15.2 0 -65.1 *ew 5.1
25 FD2 30.5 0 -65.1 *e 5.1
26 FD25 45.7 0 -65.1 wew 5.1
27 FD3 61.0 0 -65.1 *er 5.1
23 FD35 76.2 0 -65.1 ke 5.1
29 FD55 15.2 180.0 -65.1 bk 5.1
30 FD6 30.5 180.0 -65.1 b 5.1
31 FD65 45.7 180.0 -65.1 e 5.1
32 FD7 61.0 180.0 -65.1 ik 5.1
33 FD75 76.2 180.0 -65.1 *ar 5.1
34 FD4 30.5 90.0 -65.1 ran 5.1
35 FD5 61.0 90.0 -65.1 ik 5.1
36 FD8 30.5 270.0 -65.1 ke 5.1
37 FD9 61.0 270.0 -65.1 bl 5.1
38 STl 0 0 -62.5 b 2.5
39 ST4 30.5 90.0 -62.5 dw 2.5
40 STS 61.0 90.0 -62.5 *he 2.5
11 ST8 30.5 270.0 -62.5 ok 2.5
42 ST9 61.0 270.0 -62.5 i 2.5
43 Orifice Temperature
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TABLE 6: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 4
(Continued)

Angular Position: Center Line on Limiter. Axial Position: -€0 cm from XRP

Neutron Shield Jacket Was Void of Water

Theoretical Locations

Difference From

Fluke CRT Torch Center(TIC)
Channel Sensor Channel Radius Angle Axial Angle Axial
Number Mumber  Number (cm) (Degrees) (cm) (Degrees) {cm)

44 Not Used

45 Not Used

46 Not Used

47 Not Used

48 Not Used

49 Not Used

50 Not Used

51 Not Used

52 Not Used

53 Not Used

54 Not Used

55 Water Bath Temperature
56 Not Used

57 wind Speead

58 Wind Direction

59 Ambient Air Temperature

" This test is geometrnically different 4rom the others {n that the toxch

{mpdngment was onto the end of

cnd along the centerline cof the cask.

Thernefone, the TIC {s» Located at the 2nd 0§ the cask and -60 cm §rom the

XRP.

** FACL 4% located <n the jlame nean the swurface ¢§ the cask and cn the teach
centenline. The nemaining FD TCs ane alsc {n the §lame near the surface

0f the cask but 0§ the totch centerline.

¥4 This angle (» undefined i these data since the toach §lLame impinged onto

the end of the cask.
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TABLE 7: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 5

o . .
Angular Position: 270 from ARP; Axial Position: 93.3 cm from XRP
Neutron Shield Jacket Was Filled With Water

Theoretical Locations

Difference From

Fluke CRT o Torch Center (TIC)
Channel Sensor Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) (Degrees) (cm)

1 FP1 73.7 270.0 93.3 0 ¢}

2 FP2 73.7 293.9 93.3 -23.9 0

3 FP3 73.7 317.8 33.3 -47.8 0

4 FP4 73.7 270.0 62.2 0 -31.1
5 FP5 73.7 270.0 31.8 0 -61.5
6 FP6 73.7 24001 93.3 23.9 0

7 FP7 73.7 222.2 93.3 47.8 0

8 FP8 73.7 270.0 123.8 0] 30.5
9 FP9 73.7 270.0 154.3 0 61.0
10 FFl (raCL)* 76.2 270.0 93.3 0 6]
11 FF15 76.2 282.0 93.3 -12.0 0
12 FF2 76.2 293.9 93.3 -23.9 0
13 FF25 76.2 305.9 93.3 -35.9 0
14 FF3 76 .2 317.8 93.3 -47.8 G
15 FF35 76.2 270.0 78.1 0 ~-15.2
16 FF4 76.2 270.0 02.2 0 -31.1
17 FF5 76.2 270.0 31.8 0 -61.5
18 FF55 76.2 258.0 93.3 12.0 0
19 FF6 76.2 246.1 93.3 23.9 0
20 FFo65 76.2 234.2 93.3 35.8 o)
21 FF7 76.2 222.2 93.3 47.8 0
22 FF75 76.2 270.0 108.5 0 15.2
23 FF8 76.2 270.0 123.8 0 30.5
24 FF9 76.2 270.0 154.3 0 61.0
25 Fl 73.7 90.0 93.3 180.0 0
26 F3 73.7 90.0 123.8 180.0 30.5
27 F4 73.7 90.0 154.3 180.0 61.0
28 FS 70.5 90.0 33.0 180.0 -60.3
29 Fo 73.7 62.1 93.3 207.9 0
30 ¥7 73.7 34.2 93.3 235.8 0
31 F8 73.7 117.9 93.3 102.1 0
32 Not Used
33 Not Used

34 Not Used

35 Not Used

36 F20 73.7 270.0 259.1 0 165.8
37 F21 73.7 270.0 320.0 0 226.7
38 F22 73.7 270.0 350.5 0 257.2
39 F23 73.7 270.0 228.6 0 135.3
40 B20 47.3 270.0 259.1 0 165.8
41 B21 47.3 270.0 320.0 0 226.7
42 B22 47.3 270.0 350.5 0 257.2
43 B23 47.3 270.0 228.6 0 135.3
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TABLE 7: RECORDING CHANNEL ASSIGNMENTS FOR TEST NUMBER 5
(Continued)

Angular Position: 270o from ARP; Axial Position: 93.3 cm from XRP
Neutron Shield Jacket Was Filled With Water

Theoretical Locations

Difference From

Fluke CRT Torch Center (TIC)
Channel Sensor** Channel Radius Angle Axial Angle Axial
Number Number  Number (cm) (Degrees) (cm) {Degrees) (cm)

44 Bl 47.3 90.0 93.3 180.0 0
45 B6 47.3 62.1 93.3 207.9 0
46 B7 47.3 34.2 93.3 235.8 0
47 B8 47.3 117.9 23.3 102.1 0
48 B9 47.3 145.8 93.3 124.2 0
49 Cl 23.2 90.0 19.1 180.0 -74.2
50 c2 23.2 20.0 21.6 250.0 ~71.7
51 Cc3 23.2 117.9 19.1 102.1 -34.2
52 Al 23.2 90.0 93.3 180.0 0
53 A2 23.2 62.1 93.3 207.9 0
54 A3 23.2 117.9 93.3 102.1 0
55 Water Bath Temperature

56 Not Used

57 Wind Speed

58 Wind Direction

59 Ambient Air Temperature

* FACL {8 located in the §fame near the surface of the cask and on the tonch
centerline. The nemaining FF TCs are also in the flame nearn the surface

0§ the cask but off the torch centerline.

** Onifice senson was not connected duning this test.
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Figure 6: The Thermocouple (TC) Attachment Technique for the Inner Shell
Surface (ISS)
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Figure 7: The Thermocouple (TC) Attachment Technique for the Outer Shell
Surface (0SS)

kL b et diRacaabit, o




Figure 8: The Thermocouple (TC) Attachment Technique for the External Regions
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attachment and removal of TCs in regions of the cask not directly exposed to
torch flames and high heat fluxes.

The attachment of TCs in the regions of the cask directly exposed to
torch flames required that the sensors be in good thermal contact with the
surface whose temperature was being measured. The recommended procedure was
to use sheathed TCs with stainless steel tabs pre-welded to the tip region of
the TC as illustrated in Figure 9. These tabs prevented "burn through" of the
sheathed TC during welding. When the cask surface material was different from
inconel, which was required for the sheath, the temperatures required during
welding exceeded 2000 "F,

-39.
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i 9: The Thermocouple (TC) Attachment Technique for t
Figure of the Neutron Shield Jacket (NSJ) of the HNPF Cask
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TV, DESCRIPTION OF TEST NUMBER 1]

In the first test thg torch flame impinged the HNPE Cask on a side; thus,
the TIC was located at 90 to the ARP. The axial distance of the TIC from the
XRP was 289.6 cm (114 inches). The distance between the torch nozzle and the
surface of the NSJ was 366 ¢cm (12 feet) and the test was conducted over a
period of 30 minutes; thus, the test was ilLtended to be a torch fire simulation
as defincd 1n HM 144. The NSJ was filled with water, so this test was expected
to be one of the least severe in terms of potential damage to the cask's
internal components. A view of the torch flame impingement on the cask during
Test Number 1 is presented in Figure 10.

The data describing physical parameters which constituted the environmental
conditions during the experiment ure presented in Figures 11 through 14. The
wind direction did not change during the test as shown in Figure 11. The wind
speed, shown in Figure 12, varied slightly. The water bath, which maintained
an appropriate temperature of the propane jusg before it passes through the
orifice of the torch,was set initially at 64 “C and then allowed to drop slowly
during the test, (See Figure 13.) Also shown is the ambient temperature, which
remained steady at 17 "C. The temperature of the flame of the torch as a function
of tige is presented in Figure 14. The average temperature was approximately
1100 "C (2000 F),which was approximately 100 “F below the acceptahle range
cited in HM-144. However, for the purpose of thesc tests, this slight variation
from the requirements of HM-144 was not considered significant. The 30-minute
cut-off ot the torch is indicated by the sharp drop in the curve, but the
sensor values did not fall instuntly to umbient following extinguishment of the
torch because the cask continued to radiate heat for awhile until it cooled.

A schematic which shows the relative axial positions of the TCs with respect
to the XRP and the TIC for Test Number 1 is presented in Figure 15. The arrows
pointing downward to the various lines indicate the positions of the TCs,and
the numerical designations are noted above the appropriate arrow. On the left
side of the schematic are noted the various cask surfaces the lines represent.
In those cases where more than one numerical designation is noted, several
TCs are distributed in a cross-sectional plane at the axial position where the
arrow is positioned. For example, Figure 16 presents a schematic which shows
the angular positions of the TCs relative to the ARP at the axial position of
289.6ocm (114 inches) from the XRP. In the same figure, the TIC is shown to be
at 90 . As shown, the TCs are positioned in the same angular values from onc
surface to another. These types of schematics are used throughout the remainder
of the report to assist in discussing the temperature data.

The data which describe the variations of the temperature as functions
of time for the TCs positioned on the exterior surface of the NSJ are presented
in Figures 17, 18, 20, and 21. Figure 17 presents the temperature profiles for
the groyp of TCs which were positioned a*t the same cross-sectional angle as thc
TIC (907), but which were distributed about the TIC in the axial direction as
shown in Figure 15. The peak value of F10 was approximately 340 C, But the
peak values of the surrounding TCs were in the neighborhood of 420 "C. Since
F10 was positioned in the middle, these values indicate that the torch flame
was cooler near its center.

Figure 18 presents the temperatures measured by the group of F TCs which
were in the same axial cross-sectional plane which contained the TIC, but which
were distributed at angles above and below the TIC position. (See Figure 16.)
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Figurc 11: The Wind Direction as a Function of Time During the HNPF Cask
Thermal Test Number 1
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TIC ~—— TORCH IMPINGEMENT CENTER ARP ~— ANGULAR REFERENCE POINT
NBJ — NEUTRON SHIELD JACKET I88 -— INNER STEEL SHELL
088 —- OQUTER STEEL SHELL NWEV -~ NUCLERR WASTE STORRGE 1
L8 -- LERD SHIELD VOLUME
1
ARP 5

FI18 € TIC

Figure 16: The Spatial Distribution of Sensors in a Cross-Yectional Plane
Through the HNPF Cask at 289.6 cm fromothe XRP as Viewed from
the Top End with the TIC Located at 90  for Test Numbers 1 and 2
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The TC F16 apparently malfunctioned, so its measurements are assumed to be
faulty. Even though the TCs F15 and F17 are at equal angular distances above
and below the TIC position, the peah temperature of F15 was TS higher than
the peak temperature measured by FI17. Since FI5 was the upper 1€ and P17 was
the lower one, the torch flame apparently deposited more heat towiard the upper
side of the cask. F18 was positioned below FI17 and recorded an cven lower
valued peak temperature. The TC F.7 was positioned at 325°, which is 2 position
on the opposite side of the cask and 35° from the ARP, but its pcak tempurature
measurement was nearly the same value as that measured by F17. This was the
case in spite of the fact F27 was much further away from the 11C. This also
supports the observation mentioned previously that the torch flame has u
tendency to deposit more heat toward the top side of the cask.

The temperature profiles for the TCs which were distributed about the point
on the caskh with the position of 90% angular coordinate and an axial coordinate
of 93.3 cm are presented in Figures 20 and 21. The axial arrungement of thcsce
TCs 1is presented in Figure 19, Figure 20 preserts the group of TCs which were
all at an angular position of 90 . The TC F1 was ghe closest one to the TIC
and recorded temperature values which reached 300° C several times. As was seen
in Figure 17, the F14 TC, which was the closcst TC to the F4 TC eon the side
nearest the TIC, also measured temperatures in the neighborhood of 300 . The

other TCs in the group which contained the F3 TC were positioned further away {rom

the TIC and measured much lower temperature values. This indicated that these
latter TCs did not experience any direct contact with the torch flame. The

large fluctuations in the measurements by F3 indicate that the cdge of the torch
flame was oscillating on and off the TC F4 position. The curve in Figure 17 for
the TC F14 temperature curve shows that the Fid TC was continaously engulfed

by the torch flame us indicated by the smoothness of the curve. The temperature
profiles shown in Figure 21, where all of the TCs which measured those values
were positioned at 93.3 cm from the XRP, are all similar with the peak value
reaching approximately 200° C.

Of all of the TC measurements of temperature, the data indicate  that the
most serious cascs would be for those TC positions near the TIC since TUs
positioned there measured the highest temperatures. This would be true unless
there were highly vulnerable components further away from the TIC which could
be damaged by the lower temperatures. Actually, there were seuals which needed
to survive if the NSJ were to retain water following the test and these were
located near the end of the cask. A criterion for recognizing damage would have
been if the NSJ could not contain the water. As the follow-on test showed, the
temperaturc did not rcach a level where the seals were damaged because the NS
was again filled with water for the sccond test. The temperature of the torch
was approximately 1100 C, as mentioned above; therefore, since the peak TC
measured temperature on the surface of the NSJ, it can be scen that tie water
in the NSJ was capable of absorbing a great deal of heut.

Figures 22 through 25 presents the temperature profiles for thowe TUs
which were located on cask surfaces further in toward the center of the cask,
Figure 22 shows that the temperature of the water in the NSJ heated up prad-
ually and uniformly throughout since the G TCs were spaced at large distances
from one another. The temperature of the water reached 100° Cyandy as the other
TC temperature profiles show,nonc of the more inwardly positioned TUs measvied
higher values, and the values measured became lower as the center of the cask
was approached.
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TIC — TORCH IMPINGEMENT CENTER ARP -~ ANGULAR REFERENCE POINT
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Figure 19: The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at 93.3 cm from the XRP as Viewed from the
Top End with the TIC Located at 90 for Test Numbers 1 and 2
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The pressure level values are presented in Figure 26. The peak value
measured by these gauges is approximately 210 psi which corresponded to the
setting of the pressure relief valves. The water was vented through the
relief valve when the pressure exceeded 210 psi as indicated by the fluctuations.
The pressure did not decline permanently until the torch was extinguished, a
fact which further indicates that the cask seals were not damaged.
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V. DESCRIPTION OF TEST NUMBER 2

The second experiment of the series was identical to the first except that
the TIC was at an axial distance of 93.3 cm (36.7 inches) from the XRP rather
than 289.6 cm (114 inches). Therefore, Test Number 2 was also a torch simula-
tion test and the NSJ was again filled with water. Figure 27 presents a photo-
graph of the torch impinging on the HNPF Cask which was taken while the test
was in progress.

The data describing physical parameters which constituted the environ-
mental conditions during this experiment are presented in Figures 28 through
31. The wind direction changed somewhat during the first half of the experi-
ment as shown in Figure 28. The wind speed shown in Figure 29 varied a lot but
did not exceed three miles per hour which wgs permissible. The water bath
temperature was initially measured to be 70 C and gradually declined from thaut
value throughout the test to approximately 65° C as indicated in Figure 30.
Also shown in Figure 30 is the ambient temperature which remained steady at
10° C. The temperature of the flame of the torch as a function of time is
presented in Figurg 31. The average temperature level for the flame was again
approximately 1100 C until the shutdown of the torch after 30 minutes.

A schematic which shows the relative axial positions of the TCs wit’ re-
spect to the XRP and the TIC for Test Number 2 is presented in Figure 32. The
only difference between this diagram and the one shown in Figure 15 for Test
Number 1 is that the location of the TIC is changed to 93.3 cm (36.7 inches).
Figure 32 shows that a different set of TCs will be the most important for
providing measurements since they are the nearest to the position of the TIC.
The same angular distributions are applicable to this case as for Test Number 1
because the TIC is again located at 90°, Therefore, Figures 16 and 19 can be
reviewed in order to obtain a fresh reminder of the angular distributions for
the TCs.

The data which describe the variations of the temperature as functions of
time for the TCs positioned on the exterior surface of the NSJ for Test Numhc:
2 are presented in Figures 33 through 36. Figure 33 presents the temperaturce
profiles for the group of TCs which were positioned at the same cross-sectional
angle as the TIC (900), but which were distributed about the TIC in the axial
direction as shown in Figure 32. The peak value of TC Fl reached a temneraturec
of 275% C and remained there until the torch was extinguished. The F3 TC rcuched
a peak value of 5000 C and the F4 TC averaged around 400o C, which again
indicates that the torch flame was cooler near its center. The F5 TC, which was
nearest the end of the cask of this group, only reached a temperature of 275" (
which could be reasonable in that it is further from the TIC and perhaps heat
escaped from thejend of the cask in some way. However, no explanatior is avail-
able for the 850 C temperature measured by the F2 TC. It appears that this
value is in error in view of the other TC measurements in Figure 33 and also
the temperature profiles presented in Figure 34. In Figure 34, the group of
F TCs which measured these values were contained in the same axial cross-
sectional plane which contained the TIC, but which were distributed at angles
above and below the TIC position., (See Figure 19.) With the exception of TC k9,
which was obviously faulty, all of the TC profiles pcaked in the neighborhood
of 300" C and remained steady until the torch flame was extinguished. It i«
interesting that there does not seem to be any variation in the various curves
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Thermal Test Number 2

-63-

[ SR SO P e i e i - > a0 it i a0




d

T J1oqunN 1S9 [BWIOYL YsB) JdNH 943 Sutang oswi] jo uoridung e sev pasd§ puim syl :g7 oandiy

{ SNIW ) 3WIL

o1 28 28 v 82 ] e
S d L] q L} J L) —

EPGERPRY ) F RIS SIS N

x
_ | &
[ @ i
| A3 w
— _ e m“ v
5
! _ 1 2
|
- 42
SuUiWw BE W 33403NJ Yosuo) m h
: ]
., 1 B " . " J - 1 4 91

EITEN




7 Iaqumn

1s31

ySe) J4dNH 9y3 3uidng dwri( Jo suovidung st saanleladus] yieg Ialem pue judIquUy Oyl

gal
—

-

-

-

T

¢ SNIW 3 3HIL
28 2s av

ee

10¢

%]

T T L T =7 -1 T

T

I
PR IN3ITEWH

Hlgd ¥31BM

SuUjw GE ' 33403N) :oLOH_

s

N SRR B |

.,

sanit4

e K

av

28

ee

65 -

el

ez

v

( O 930 ) 3dNiudidiW3al

PUNT D N

A

291

ee! :

gee2

2o it




)

DEG F

¢

TEMPERATURE

Ladon i 2 g

Z Joqumy 1S3 YSe)

JdNH 943 Butang swij] Jo uoriduny ® sk ydio0] osuedoag syl jo saniexadws] surerq syl ¢ ~aIndry
¢ SNIW > 3WIL ,
3
a ~ 281 es 23 . av i a2 2, .
T T T T T
.ﬁ ﬁ _ ]
i |
oat ﬂ r - eez
( : P e
rol !
Lo , o oa+ =
oas 4
_ r ] M
w ﬁ (Tovd) Iwvid 2
[} _ —t ~— 1
po21 ﬁ. [ ~ 1% % £ *
“ m _
_ r &_ m ,
] 4eo8 ~ ,
: .7 . 9 f
2091 i ] m ;
[T 1 !
i v i 3
o 4 ese1 _
.l | j ]
2082 r r r(sx(\\xyz»u>>)s\g/r\(vL
oy Sulw BF 3R $303N) Ysuoj _
P - ee21 ;
T
oo w r .
i —' . | UG SRR W i 4 1 20+1




urt

$30e3ING yse)

eac
—_—

Jﬂi
L )
ZH

¢

Jogquay 159

JUNH snotaxep 404 JI1 oyl puUe Jydx oyl ol Al 1e1ay sIoSusg jo SUO11EI07 [eixy

asy %1% 14

——y e

ase

€1

—->

£l

¢ WO ) 3IDNUISIO "WIXY

28t pse

O
21 ¢2 11
81-S1
a1
1)
£-2 9
T 7
21 81-S1 11
a1

as1

e o _r 7 - —y ..\‘-Hl..il.l—|s

T >

JI1

1Z¢ »Ingdu

-67-




ZOAOqUIN YISO 4 ) LN 4O yN oYl JO 9dBJING J33IN(Q 9Yl U0 Pairdo
PUE Y Ol WOLJ WD ¢ ¢ UOTITLSO I hoyy Dadojua) s)L 40J owlj JO suoridung se ouniesadus)

( SNIW ) 3WIL

e ~ 201 [ ]:]
—! T — Ll
eey + |
—~ L -
|
TI
m oes |+
- T
W
@ pp21 + i
po |
= - 4
[1of
V4 s
W - -
&
-
i Pp91 ] 24 1
&8NI - -
sSujw gg 1w 3j303Nn) LOLOF_
S o -
geve + T )
. o 1o 1 A 1 . 1 .

1¢y dangrg

l
m
X
R
m
o
2
ees d
x
m
ges
@]
m
(2]
(@]
eee1 _
8221
o1

_68-

‘i

e bt

w ot (i ko,




¢ Jdaquny 3s01 YsB) JJdNH 103 (SN 9yl JO JdejiIng JU331n0 IYl U0 Wd ¢¢p
30 uorirsod reIxy 9yl e Arde[nduy poinqliaisiy s)L I0j awl) Jo suolidung se aunijesaduwsy :pe 2and1 4

( SNIKW ) 3WIL

8 — 29! 28 99 [ 1 -} oa
14 94 .
-~ 20 ﬁ. - _ 882
N
o al .*_. -
W i | m
Q - ooy o
a0 ﬁ _ LA d | T
L 3
X g 283 .
..Ul esz1 f P [« )]
m N
m . ﬁ 64 m
W - — 80 ~
=]
id
W ea9r - | J R
T | 4 o021 ©
§N - ﬁ ‘ o
H
1 *sujs gg 3R }303N) yodoy - es21
eav2 | [ 1
L 1 1 N 1 L 1 3 1 . Poe




Z 12qunN 3531 jSe) ddNH I0J (‘SN 9yl jJO IDBJINS I33INQ Yl UO PIIBIOT :
PUE  gyX °4) WO} WD 9 687 UOIIISOd dYl INOQY Paldalusd) s)L Joj swlp 3O suoiosung se siniesadwsj :g¢ oandiy E

( SNIW ) 3WIl %
o _IQS . a_m _ o_m # a_v 2
20y - j 2ec h
~ |}
[ -
= eer m
g oot 3
[=] f ™
- I m 1
- - 829
u C
& ee2l | _ x
J ™ !
- o <
T r~
i , | 8~
L i oo
m
W 2991 + ! _ : 12 1
(@]
- L m - eea1




( DEG F )

TEMPERATURE

¢ 13qunN 153 YSEJ AdNH 40J ['SN Yl jO odujdng J13inQ o9yl U0 WD 9°68L
3O uotrlrsoqd [etxy ayl ie Apseqnduy poIinqraisiy s)L J0j owl] o suolidung s aanlersdwd) :9¢ ouandiq

( SNIW ) 3WIL
8 801 28 89 e 82
M 7 v T v T T A
s L S
_ Lzd
srr 81d « S1d
. ~ 0T4
oe8 | [ _
| |
ezt ﬁ
-l |
2891 _
ﬁ
L _
a&omﬁ - _
e *SuUlW BE 3® $303ND) youoO} °

2081

JANLLBNIdWIL

« 2930 )

-




as a function of TC angular position which seemed to have been apparent in Test
Number 1.

The temperature profiles for the TCs which were distributed about the point
on the cask with the position of 90° angular coordinate and an axial coordinate
of 289.6 cm are presented in Figure 35. The TCs of this group which were posi-
t1oned closest to the TIC were F14 and F11. Both of these rose to a sharp peak
(410° ¢ and 325° c, respectively) and then fell to approximately 200° C and main-
tained a steady value. The remaining TCs of the group stayed in the neighborhood
of 75° C with their measurements. The temperature profiles shown in Figure 36,
where all of the TCs which measured those values were positioned at 289.6 cm
(114 1nches) from the XRP, are all similar with the peak value reaching approx-
imately 80° C. The temperature of the flame was 1100° again so that the effect
of moving the TIC was to increase the temperatures about the TIC by approxi-
mately 100° C as far as the surface of the NSJ was concerned.

Figures 37 through 40 present the temperature profiles for those TCs
which were located on cask surfaces further in toward the center of the cask.
The values presented in these figures are similar to the data for the same TCs
in gest Number 1, including the fact that the water in the NSJ reached almost
100~ C.

The pressure level values are presented in Figure 41 for Test Number 2.
It appears that the Hl pressure gauge failed at approximately 18 minutes. The
other pressure gauge reached 210 psi and maintained that value for about eight
minutes, but then the pressure began to fall rapidly which could be because
of a leak in the seals. However, the next two tests were conducted without water
in the NSJ se that was not confirmed.
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VI. DESCRIPTION OF TEST NUMBER 3

The third experiment of the series was also a torch simulation test as
defined in HM-144. However, the TIC was located at 270° with respect to the ARP
and the TIC was 289.6 cm (114 inches) from the XRP. Another important difference
from the first two experiments was that the NSJ was voided of any water. Since
the test was a torch simulation, the nozzle of the torch was 306 cm (12 feet)
from the TIC and the time length of the test was 30 minutes. Figure 42 presents
a photograph of the torch impinging on the HNPF Cask taken while Test Number
3 was in progress.

The data describing physical parameters which constituted the environmental
conditions during the experiment are presented in Figures 43 through 46. The
wind direction changed a great deal during the test as shown in Figure 43, espe-
cially over the second half of the execution time. The wind speed, shown in Fig-
ure 44, also varied extensively and for a period of twelve minutes exceeded
eight miles per hour. Both of these factors required that the torch flame be
adjusted in order that the TIC be continuously positioned in as nearly the same
1ocat10n as possible. The water bath was initially placed at a temperature of
40° C and allowed to decline slightly during the test as indicated in Figure 45.
In the same f1gure the temperature of the air is shown to have remained in the
neighborhood of 30° C. The temperature of the propane as it passed through the
orifice was also steady and only slightly below the temperature of the water
bath. The temperature of the flame of the torch as a function of time is pre-
sented in Figure 46. The symbol designators are different in this case from in
previous tests in that there are two prefix alphabetic characters (FF) rather
than one and the symbol "FF" 1s an acronym for the words "front flame.'" The
average temperature was approximately 1150° ¢ throughout the entire test until
the torch was extinguished in 30 minutes following the start of the test.
Apparently, the adjustment of the torch direction was sufficient for taking in
to account the variations in the wind speed and direction.

The schematic which shows the relative axial positions of the TIC with
respect to the XRP and the TIC for Test Number 3 is presented in Figurc 47. In
this case, in contrast to Test Number 1, practically all of the TCs are concen-
trated around the cross-sectional plane which contained the TIC. Figure 48
presents the TCs in their angular positions which are in that planc. Since the
TIC is positioned at 270°, additional TCs are distributed on that side of the
cask and the same TCs used before in previous tests on the other side of the
cask are also included.

The data which describes the variations of the temperature as functions of
time for the TCs positioned on the exterior surface of the NSJ are presented in
Figures 49 and 50. Figure 49 presents temperature data from TCs which were
distributed axially along the cask at the angular positions of 90° and 270°
with all but F1, F2, and F3 clustered about the axial position of 289.6 c¢m from
the XRP. The TCs F19, F20, F21, F22, and F23 were on the same side as the TIC
at 270° with F19 positioned on the axial position of 289.6 cm. F19 measured the
lowest values of this group of TCs; thus,again the flame appeared to be cooler
near the center. The maximum tcmperature achieved was 950° C which was only
200° C below the measured flame temperature. Clearly, the reason for this was
the empty NSJ. The TCs F10, F11, F12, F13, and F14 were positioned
in the axial direction in the same positions as were the I(s just discussed
except they were located on the other side of the cask at 90° angular position.
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Figure 43: The Wind Direction as a Function of Time During the HNPF Cask
Thermal Test Number 3
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N8J ~~ NEUTRON SHIELD JACKET 168 -- INNER STEEL SHELL ,_
088 -~ OUTER STEEL OHELL NMEY —— NUCLEAR WRBTE STORAGE
L8 -- LEAD 8HIELD VOLUME 1
i F
ARP .
<|>'~> i
A\ 0 {
aﬂg ]
A, %
%, > !
TIC—> F19 F18 1
[ ]
<
zﬁ

VOID OF WATER

Q A\
& NSJ %

Figure 48: The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at 289.6 cm fgom the XRP as Viewed from the
Top End with the TIC Located at 270 for Test Number 3
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While there was some spread in their measurements, the average temperature
achieved was in the neighborhood of 450 ©C, nearly half that value of the other
TCs. The TCs which measured the lowest temperatures were F1, F3, and F4. The
reason for this was due to the distance from the TIC (centered about 165 cm

from the XRP) and the fact that these TCs were also on the opposite side of the
cask from the TIC. Figure 50 presents the temperature profiles for the TCs which
were distributed angularly at the axial position of 289.6 cm, the same axial
position of the TIC. The TCs F19, F24, F25, F26, and F27 were located on the
same side as the TIC. All of these measured temperatures such that the temper-
ature profiles are similar in shape and magnitude except for F27 which apparently
made erroneous measurements. It is strange that the general shape of these
temperature profiles is so much different from those presented in Figure 49.
Also these TCs measured about 100 °C less at the peak values. The remaining TCs
in Flgure S50 were positioned on the opposite side of the cask from the TIC.

The TC closest to the TIC measured the highest temperature (500 °C) and was
designated F16. F18 was the TC located the farthest away from the TIC, and

it measured the lowest peak temperature (175 °C). The effect of not having

water in the NSJ is apparent by the values of these data.

The temperature data presented in Figure 51 were measured by the TCs located
inside the NSJ which would be measuring the temperature of the water if water
had been present. Without the water, G3, which was located at the same position
as the TIC, reached a temperature level of nearly 500 °C. The other TCs (G2,G4,
and G1) measured lower temperatures in direct proportion to their distance from
the TIC. In the previously discussed test data, these TCs increased gradually
and at the same rate because of the water in the NSJ. That was not the case
without the water.

The temperature as functions of time for the TCs positioned on the outer
surface of the 0SS is presented in Figures 52 and 53. The TCs which measured
the data in Figure 52 were distributed axially around the axial position 289.6
cm. The TCs B19, B20, B21, B22, and B23 were located at 7"00, on the same side
as the TIC. As the flgure shows, at least one of the TCs measured temperatures
above 320 °C which is the melting point of lead. The remaining TCs were position-
ed on the other side of the cask and measured temperatures not exceeding 110 °C.
Figure 53 presents the TCs which were distributed angularly at 289.6 cm. One of
these TCs almost measured temperatures above 320 °C. An additional factor is
that the slope of the temperature curves, when the torch was extinguished, was
positive so that if the torch had remained on, even higher temperatures would
have been achieved. The significance of these high values is that the 0SS
is adjacent to the lead shield, so that there is a chance the lead shield
partially melted. If so, it could have expanded sufficiently to damage the
ISS or the 0SS. In order to verify any suggestions about this, the cask will
have to be disassembled and the components examined.

The temperature as functions of time for the TCs which were positioned on
the inner surface of the ISS is presented in Figures Sg and 55. The peak
value obtained in these measurements did not exceed 50 "C. Since the NSJ was
void of water, no pressure data were obtained for Test Number 3.
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VII. DESCRIPTION OF TEST NUMBER 4

miael =

; The fourth test of the series was different from those previously conduct-
% ed in that the TIC was directed at the top end of the cask rather than toward ;
the side. The distance between the nozzle of the torch and the surface of the
impact limiter was 366 cm (12 feet), so that this was also a torch simulation.
tven though the orientation of the cask in relation to the Borch was different,
the TIC can still be considered to have been directed at 90  relative to the |
ARP. Also there is some logic in considering that the TIC was at an axial

distance of -60.0 cm (23.62 inches) from the XRP, which means that the outside "
surface of the impact limiter was that distance to the left of the XRP. The NSJ
was again voided of water,and the time length of the experiment was 30 minutes.
The photograph presented in Figure 56 is a view of the torch impinging on the
HNPF Cask in Test Number 4.

heame b

i

Figures 57 through 59 present data describing the ambient conditions and
temperatures related to the operation of the torch facility. The wind changed

Bl o

direction frequently during the test and ranged for the most part between a

northerly and a westerly direction. The wind speed also varied a great deal

with the speed exceeding eight miles per hour over the first seven minutes or

so. No doubt if the wind speed had increased above or remained at that level, 1
the test would have been terminated. However, the speed died down and averaged

thereafter around four miles per hour. The ambient temperature remained steady 3

around 33 °C. The temperature of the water bath and the propane passing through
the orifice indicates that the torch facility operated normally throughout the
test.

The schematic which shows the relative axial positions of the TCs with
respect to the XRP and the TIC for Test Number 4 is presented in Figure 60.
On the left side of the schematic are noted the various cask surfaces each line
represents. The TIC, in this case, is shown directed in the axial direction to
indicate the end-on direction of the torch. The symbol FD designates a cross-
sectional plane just off the outside surface of the impact limiter. Those TCs
with this designation were then used to measure the temperature of the torch
flame. The symbol ST was used to designate those TCs which measured the tem-
perature of the outside surface of the impact limiter. The TCs (FDs), which
measured the torch flame temperature, were distributed as shown in Figure 61.
The temperafure leve% of the torch flame during the experiment was approxi-
mately 1200 "C (2200 “F) as indicated in Figure 62. The values of all of these
TC measurements were about the same, thus indicating a constant temperature
across the flame front. Figure 63 presents the distribution of TCs which were
designated as STs and were positioned on the outside surface of the impact
limiter. The temperature as a function of time for these TCs is presented in
Figure 64. The effect of ghe impacg limiter as a heat sink was to reduce the
temperature tooabout 900 "C (1652 "F) from the flame temperature value of
1200 "C (2200 "F). Figure 65 presents the distribution of the D TCs which were
positioned in the cross-sectional plane which consist of the inside surface of
the steel covering on the impact limiter. As Figure 66 indicates, the temper-
ature curves corresponding to these TCs are practically the same as those shown
in Figure 64.
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Figure 57: The Wind Direction as a Function of Time During the HNPF Cask
Thermal Test Number 4
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Figure 61:

ANGULAR REFERENCE TIC -- TORCH IMPINGEMENT
POINT CENTER

ARP

e FD2

e FDIS

FD1 (FACL)
e FDO

The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at -65.1 cm from the XRP as Viewed from the
Top End with the TIC Located at the Center of the Impact Limiter
for Test Number 4
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ARP ~— ANGULAR REFERENCE TIC ~~ TORCH IMPINGEMENT
POINT CENTER

ARP
o'—

IMPACT EIHITER

¢ ST1 s ST4 s STS

Figure 63: The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at -62.5 cm from the XRP as Viewed from the
Top End with the TIC Located at the Center of the Impact Limiter
for Test Number 4
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ARP -~ ANGULAR REFERENCE TIC -~ TORCH IMPINGEMENT
POINT CENTER

RARP

Figure 65: The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at -60cm from the XRP as Viewed from the
Top End with the TIC Located at the Center of the Impact Limiter
for Test Number 4
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Figure 67 shows the distribution of those TCs (E) which were located
behind the impact limiter, but on the outside surface of the 1id of the cask.
As the data in Figure 68 indicates, the temperatures for these TCs were quite
low and do not constitute a danger to the components of the cask. Therefore,
the impact limiter was demonstrated to be a good insulator for the cask.

The temperature as a function of time for one TC located on the outer
surface of the NSJ and 33.0 cm (13 inches) from the XRP is pgesented in Figure
69. The temperature there reached approximately 250 "C (482 "F), which indicates
that the flame did not reach much beyond the impact limiter. The remainin, data
for TCs located on surfaces which we-: deeper inside the cask are presentad ir
Figures 70, 71, and 72. The temperature levels measured by all of these TCs
were much too low to be considered as a serious threat to the survivability of
the cask. Consequently, even though the NSJ was void of water, an end-on torch
impingement was shown to be inconsequential.
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Figure 67: The Spatial Distribution of Sensors in a Cross-Sectional Plane
Through the HNPF Cask at -19.1 cm from the XRP as Viewed from the
Top End with the TIC Located at the Center of the Impact Limiter
for Test Number 4
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VIII. DESCRIPTION OF TEST NUMBER 5

The fifth and final test of the series was a simulated pool fire test
conducted according to the standard performance procedure described in HM 144,
The intended duration period was 100 minutes, but due to the adverse ambient
conditions, the test was terminated at 95 minutes. The nozzle of the torch was
6.1 meters (20 feet) from the TIC. The TIC was positioned at a 270° angular
direction and at 93.3 cm (36.7 inches) from the XRP. The NSJ was filled with
water, but no pressure measurements were possible since the pressure gauges
were not functioning properly and their replacement would have required the
disassembly of the cask. Figure 73 presents a photograph of the torch imping-
ing on the HNPF Cask in which the flame is shown to be broader than those in
previous tests.

The data describing physical parameters which constituted the environ-
mental conditions during the experiment are presented in Figures 74 through 77.
The wind direction changed a great deal during the test as shown in Figure 74.
The wind speed varied around 3 miles per hour until about 85 minutes into the
test then it increased to levels above 8 miles per hour, (See Figure 75.)

Since these conditions made it too difficult to hold the torch flame in position,
the test was Soncluded at 95 minutes. The water bath was set initially at

53 °C (127.4 "F) and that temperature was maintained until apgroximatelg 40
minutes had elapsed and then was raised fo approximately 62 "C (143.6 "F).
The ambient temperature stayed around 40 C (104 “F) throughout the test.

The flame temperature as a function of time is presented in Figure 77. Since
the torch nozzle was so far away from the cask, the flame temperature value
oscillated a gregt deal tgroughout the test. In general, the temperature aver-
aged around 800 C (1472 "F) for most of the test, but, due to the wind speed
and direction changes, this average dropped considerably at 85 minutes into
the test.

The schematic which shows the relative axial positions of the TCs with
respect to the XRP and the TIC for Test Number 5 is presented in Figure 78.
The FP TCs are additional TCs which were added to this test to measure the
temperatures on the outer surface of the NSJ. As the figure shows, most of the
TCs were concentrated around the TIC.

As Figure 79 indicates, the temperatures measured by the ng on the
outer surface of the NSJ for Test Number 5 did not exceed 150 C (302 "F).
Therefore, this test was not a severe test for the HNPF Cask. As would be
expected, the temperatures measured by TCs positioned on the other surfaces
interior to the cask were even lower. The highest temperature Qeasuredo
by the TCs on the outer surface of the 0SS did not exceed 100 "C (212 "F), and
the temperatures measured by the TCs positioned on the inner surface of the
ISS were even lower. These observations were made from the data presented in
Figures 80 and 81.
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Figure 74: The Wind Direction as a Function of Time During the HNPF Cask
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IX. SUMMARY AND RECOMMENDATIONS

In general, definite conclusions as to the damaging effects on the compon-
ents of the HNPF Cask cannot be made because this would require taking the
cask apart and an examination made of each part individually. However, certain
preliminary observations are possible as indicated in the preceding discus-

sions:

(1

(2)

(3)

(4)

(1)
(2)

(3)

In those cases where the NSJ was filled with water, the temperatures
measured in the interior of the cask indicated no damage. However,

in Test Number 2 the pressure measurements made in the NSJ indicated
that perhaps the seals had been damaged. One of the pressure gauges
definitely failed, but the other gauge measured a drop in the pressure
level, indicating that perhaps water (or steam)} was leaking from the
jacket. In the following two tests no water was placed in the NSJ, and
in the last test the pressure gauges were not functioning properly;
therefore, the condition of the seals could not be inferred from the
tests which followed Test Number 2.

There was no danger that the lead shield would be distorted by high
temperatures for the duration of those tests where water was in the
NSJ. However, in an accident there is a high probability that the NSJ
will sustain a rupture thus allowing the water to drain out. The
potential threat due to this condition was demonstrated in Test
Number 3. In that test, the data indicated that the temperature of
the lead shield may have exceeded the melting point of lead because
the NSJ contained no water. In addition, the slope of the temperature
curve was positive when the test was terminated so that if the test
had continued, the temperature of the lead shield would have contin-
ued to rise and thus practically ensuring that damage to the 0SS or
the ISS would have occurred.

The end-on impingement of the cask by a torch fire veoses no threat
to the HNPF Cask as shown by Test Number 4 in whic'. +he NS' . <
voided of water.

The pool fire simulation condition is not a threat to the HNIF Cask
as indicated by Test Number S provided the NSJ is filled with water.

following are recommendations for continued work on this problem.
The HNPF Cask should be disassembled and the internal parts examined.

Since the water in the NSJ prevented undue temperature buildup in
Test Number 5, future pool fire simulation tests should he conducted
without the water.

In an accident, the NSJ has a good chance of being ruptured which
would allow the water to drain out leaving the cask vulnerable to
fires. Therefore, an alternative should be considered such as
polyethylene. This material has similiar neutron shielding properties
but would not drain out of a ruptured jacket until it had become
melted by the fire.
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APPENDIX A

This appendix presents the angular distributions of all of the sensors

in relation to the angular reference point (ARP) in the various cross-section-
al planes through the HNPF Cask.
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Figure A.1. Cross Section of the HNPF Cask Showing the Angular Distribution
in Relation to the ARP and the Various Subsections of the Cask
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Figure A.2. Cross Section of Cask at -65.1 cm From the XRP Showing Angular
locations of all Sensors in this Plane as Viewed From the Top End
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Figure A.3. Cross Section of Cask at -62.5 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top End
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i Figure A.4. Cross Section of Cask at -60 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top End
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Figure A.5. Cross Section of Cask at
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-19.1 cm From the XRP Showing Angular
in this Plane as Viewed From the Top End
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Figure A.6. Cross Section of Cask at 19.1 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed from the Top Ind
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Figure A.8. Cross Section of Cask at 31.8 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed from the Top End
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Figure A.9. Cross Section of Cask at 33 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top End

-137-




e et vty o e

YRP ~- ANIAL REFERENCE POINT
HBJ ~— HEUTRON SHIFLD JACKEY
088 -~ OUTER STEEL SHELL

18 -~~~ LEAD SHIELL
///
/
/
/
/
/
j
HY |
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Figure A.11. Cross Section of Cask at 62.2 cm From the XRP Showing Angular
Lecations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.12. Cross Section of Cask at 63.5 cm From the XRP Showing Angular

Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.13. Cross Section of Cask at 78
Locations of all Sensors in
End

.1 cm From the XRP Showing Angular
this Plane as Viewed From the Top
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Figure A.14. Cross Section of Cask at 93.3 cm From the XRP Showing Angular

Locations of all Sensors in this Plane as Viewed from the Top
End
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Figure A.15. Cross Section of Cask at 108.5 cm From the XRP Showing Angular

Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.16. Cross Section of Cask at 123.8 c¢m From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top
End
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Cross Section of Cask at 154.3 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed from the Top
End

-145-




XRP —-- RXIAL REFERENCE POINT ARP ~—— ANGULAR REFERENCE POINT
NSJ ~- NEUTRON SHIELD JRCKET 188 -~ INNER STEEL SHELL
088 -~ OUTER STEEL SHELL NWSV -- NUCLERR WRSTE STORRAGE
LS -—- LEAD SHIELD VOLUME
ARP
FF23H F2> Fl4

Figure A.18. Cross Section of Cask at 228.6 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.19. Cross Section of Cask at 259.1 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.20. Cross Section of Cask at 289.6 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed from the Top
End
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Figure A.21. Cross Section of Cask at 320 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.22. Cross Section of Cask at 350.5 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed From the Top
End
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Figure A.23. Cross Section of Cask at 522.6 cm From the XRP Showing Angular
Locations of all Sensors in this Plane as Viewed from the Top
End
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